
TRANSLATION NO. • 5 Z

DATE: 0-A /9q6

• -

Sdocu• qubjecto spe C iexpo•
crtrol e h tran tal to ei

:ernm o forei , io •n p r y
•de wi w~rio ap ov f •n g

f Fo ' t , A

DEPARTMENT OF THE ARMY
Fort Detrick

Frederick, Maryland•-•-- . .• . . .



THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY

FURNISHED TO DTIC CONTAIND

A SIGNIFICANT NUMBER OF

PAGES WHICH DO NOT

REPRODUCE LEGIBLY.



UDC 581.132.1

PiIIOTOZKNflGCTICS OF A SYNCHRONOUS
C1JLOIRILLA CULTUR:C:

/I'l~oj.,Z s a translntion of an article by
L.11,. Do'.l, Y3.A. Lin"'kova, u.A Slobodskaya,
K.S. Spc-`torov, YL-.P. Fudonk:o, and G.S. Bulkina
(ITnnti.trtc of Plant Phyý3iology itzicni Y.A.
Tin ry\' Acradeciy of Scicncoa USSR, Mos0-cow)
fro~m thc Pur-ian-agucago periodical Fijziolo0ý4ya-

l~s en v P~a~ntPhyoi olo~jy) ,Vol. .14, No.-5,

1 . INTRODUCTION.

The ma:ir-.iaum eniergy production in photosynthesis do-
termine!s its potontialitief! ar, an energýy storing process.
The coricrc,-L va lue of the ciicrgy production that is measured
dcpcrrld-; on -% whio].o nerics of ez:ternkal and intcri.al. fnctors.
T1hc corib:xretion of exter;;zil conditions (light, temnperature,
CO Cp, l~ll'tol tht-xt are best for energy pc~oduction or,

efficiecy;\ ha:, Iben c:liedto a considerable extcnit.
~ t~i comic~ct ion bct)vecn a plant's energy efficiency

and it!. internal. stxtes, nnd eripe(; .13.y tile pamrtickilr struc.-
turQch~rctc±.s icsof its photoz~ynthxetic alpparatuis are

Undou~')tedly, the structure of the photosynthectic
eprt'evari-cs accordi ,n- to thc degree of cell devcl~oplcn't

3.) the.pLt:yt1sii~ orga-ns * The cffS.ciency of it.-
opee t.'v cesecic~lyclmanges accordingly. Plant photo-
~yr~ic ~i~~ e-ic rmy thus depenid oil tile Ige of thc

profya!?; 7.; ol~ yn~*A invcýýt igati.on of thi-n xeltion-
~l~p ' ~'C' 2t~O~Of thi-".; ;~



It has becon'o possible to perform such research duo
to the develop;.:nt of the technique of growing synchronous
cultures of uncollular photosynthesizing algae.

There are sevcz-al works covering the study of the
intensity of photosynthesis in relation to the developmental
phase of synchronous cultures of unicellular algae (1-5).
However, the data of these wor.:s are conflicting and it is
difficult to compare them with one another. This may be
explained by the fact that the numerical expression of "photo-
synthetic activity" depends upon the selection of values
(dry weight, chlorophyll content, cell nu:..ber, etc.) tbh-t re-
prcscnt this activity. But these values themselves change
as the culture gros.*C. Such indetermi.nacy may be avoided
if the efficiency of photosynthesis is expressed by the
quantum or energy yield. These values characterize the
efficiency of utilization of each quantw'. absorbed and are
consequently of the highest interest from the viewpoint of
studying; the mcchanism that regulates the ttorage of l:. gt
energy durin- photosynthesis.

In view., of the fact that a certain discrepancy may as
a rule occur between gas exchange and energy exchange, plant
encrgetics should be studied by methods which investi.;ate
energy directly (6).

A study has been made in this work of the dependence
of photosynthIeti c energy yield on the phase of cell develop-
ment. The energy efficiency E dIenotes the ratio of the
amount of encrLgy stored during photo.ynthesis for a certain
period of time to the amount of energy absorbed by the plant
during this time*. Ordi narily, one of the main difficilties
in the e:.:peri ••liental dctermi *nation of . is tito comple.xity of
reastring tile absorbed energy flow. This circumstance nahcs
it hard to ta.zc a large number of measurements, which are
absolutely e:.sential in cxjperim.ento of this type, and hncile
due to the inconstancy" of the properties of the subject
beinZ studied aiiO: its sensitivity to m!any factors there is
a large scattering of e'nperimental data.

For this rca.,on, it would be very convenitut to pre-
sent a metLiod foe- co (ucti.ng such testra, w.,,i ch h:.z becn
worked out by one of the authors; of thi.n article. hlic method
allowrs a direct deter:iination of tue energy efficJency v7ith-
out special measurement of the floi. of absorbed radi-ation
(7).•
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The rwothod rcfcrrod to (tomporaturo curvo) ir:*..I.
consist of the flo:n.The tcemperature of an almno
cuspennion ins mczuc(tndor different 11J.-ht intemns1-IL.on.
It r.ivy be nh~t-t t light, intennities that corres-:pond to
a liea lth photonynth's-iz - h curvo, tho enorGy
cff'ic:Lncy C io ecmTe

whero i3 tho ann.-3o of inclination of the light cu.-:vo
at loi: liZght intcnsit:.ez (corresponding to the l~inenr part
of the photozsyntliesi~s ligfht cu--vo) eand('V i A the an-1c, of
inclination of tho tqcwpcrnture curvo vt high lirght intcn-
j3iti-er that cori-ospond to pihto.s.ynthooSs nnturation (for
detcl.ls of the method see v'orl (Me~

The c:.Po;-imcn~ta1 subject vmF3 a thermophAi.ic ntrain
of tu 32~a r7ccn v.1gre Chlorclln pyr.Pri~nrg'-h. 62,A% 'ho
i.nitinl , !yno1'ronotks culture was f-otten by naturcK 1  rcdimon-

The autooporoc obtainod by this method wero trnno3-
plantLed fror'm tiiw'. to tivne to a fresrh cultural rnc'.t~iu, on

hi-*,- ch the cellr, 3pcnt 2-5 -nubsequentq cycles of -synchronotin
ce~vclovi-m*cnt undeor conditi~onsr optimuv:.i for the g-i-ven strain:

li~,t ilt~l5Jvt' wa 10 000 J~~,the culture chapmber texrporn-
tvrc iras 37 -31,", a'ir si:dwith 0.05O-0.1%e CO- w-ar bloln 3.r.,
rnd the li~ to CCar'71c!sz rlt:ýO .o vrr7:17 .howur. The tmiýAoil
mautof;porc Cocn:,- wz-;s cpproý:. 5 . 106 cn- .;

It iwnr rhow:~i- (91 10) that the first synchrono.-Im
dcvclopr~innt cyclo ofr . cul-ture on fresh t~icdiv-.i is, not

cirarP~t:.cfor thc gicn train ancl a1lwcyvs varies morue-
Ohnt- fi-oi z,.!!. suj '~cycles of cy~nchroiioue' dcvclopn~Cnt.
Hence, the ce½l r-ccl-f:ro co:n - -mtilw to Cdv'.pt tu thefes

L 0 ! '- I C n .,CqI 10n r..after the cu'toc~porcs, vere trran!,?r,.ln-
ted' to n ~z ~it~c h collr! prc.ed throtigh one cycle
of sn et' czo:e in thin z*c!i- u before the ho-
Cgiml *i.71 of tope:ercz Theo~: i-rict:orc thcreforo
c,-,r r,. e ou,'t in th)c occo~id and i 'qen cyclns of v)y-n

The cul-tvrc was not e,-rhecned7 for 7 hoic-on of c'o'ý-lop-
vice:-t. et-vr:nZ thc e~Jci.eisto ricativ.;.- " .. hi t vase
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continuously ti~uinatod up to the production of nevi auto-
spores. Under there c-Ircvrnntancoo the production of auto-
spores from mzitoernal 'collns ot in in about, 10 hours after
the bcaizininZ of i 1 2zi.nnation of the jin.tial auto.,poros,.
The multiplication Icei.e. the avervage ntv~ibex- of nuto-
spores formi~nL ..in tho e roiuwl from a ningle maternal. cell
Vwas apprOz:. 20.

To deteriaine tho photosyathotic onorgy efficiency
out of the culture chamber, vcvvpics rangin- in sik,:o fro:1
3-15 nil of suspension v.crc ticn~n relation to thci:ý op-
ticaJ. don.,;ty v-hich incrcasod 3n, proportion to the Croi.,thI of
the culture.

The suspension selected. to measure Cw-ars ce~ntrifugecd
at a rate of 2000 revolutiona per minute for 10 mi nutes.
The cellf. were then resuspondccd in a Vnrb-arg 9 buffer
solutionx, whereupon the cell density followlring centrifugino
wtas chosen. so that the absorption factor for the rtispencion
ra s i -dentical for all tests. This was achieved by a
spcecally nado photoolectric dcnsitoiritetr co.--poscd of a
silico-n photoelectric cell iwith a large svirfaco. The photo-
cell regintered a large pairt of the light that was not P-b-
so,:bed by the cuzpensi on, placod in a &glacs cup having the
same foru and size as a p1h4otocalorimeter. The reboorntion
factor of the su!spensio-n ~ira -.PProz:- 501?SO

Approximately 1:0 rinutesp=zsed from the timie the
suspension vwas removed frorn the culture chamber to the be-
Sinninxg of the C. determination c::.perimenta (the measurements
themseclves toohc appro:t. 30 minutes). Consequently, coms2
phase displacemont- tool: place in cell dovclopinc-t, at se-
lection end upon rncanurenc-ntL. Asnetluc~~ cnci ad-
justinent of the cell nbcorption factor occuxrrd in dar'~nevs
or in vea- light this shi *ft vas small in compar:-',,on ~it
w~hat occurred7 in the cuituire chvimber vwhich was-ý subjectod to
stronZ emissiono Thi -s shift w.as oviclcntly l.argcr iýn ilve
later stagfes of the devcl.opsienta:ý cycle, w~hore the cr~llj
ca~n also d~evelop without lig-ht. VIc did' not dciterin14nc tho

az~-.i oIh1?, andl thecref7ove n~.-yr~ frthier on g:L yeo t~hc
tjxZ, ilhich pascc fro-'i t;Ae bcnninIg of L!:rt gt~lQf
nutonperc!s to tho tir--e this cclls e:' novod, fro-en the c*hs,*-
be --. I

After ench se-ci:.a part of' the colls were cx.-
anin:'d un,(Ir thVn, coc'-s.orhlý* a changesC inI theI
ccllsrc,.bc ho!'c! %`1,.ch vcrc cax-litci obseorvccd fl-on~ the



samc strain (1i). There occurred merely some prolongation
of the gceneral developmental poriod of the culturo for about

one hour, probably caused by the application in our experi-

rncnts of sou~what lower light intensity (10,000 lu:: instead

of 13,000) and 1o'.:cr temperature (30" instead of 1100).

In the fixrst series of cexperiments the energy effi-

ciency was determined by light intensities lying within the
range from 200 to 1700 erg/cn:12 /sec. In four tests measure-
ments_• were taken for a whole cycle of development, i.e.

up to the momcn-t of producing all auto!zpores from the parent
cells, ihih.c occurred in 14 hours after the beginning of

illumination of the autospores. A large number of short
tests were -'OI on a 0, 2, kt, 6 hour schcdulo after the
be:ý.jnii½g of illuruination of the autof;poren, i.e. for a
period of 6 hours. Thi6 scries of tests was run to dcterinino
the specific ccurxse of '- during the first s Lages of development.
In all the.e tests tne light used for weasurements in the

r)p1otocaJcr*mct1_r wcre produced by an incondescent lamp and a
rystci:, of 2.i ht filters maide of a water solution of CuSO/4,

as vcil ,-S and Z-.3S6 gie s filters.

In a sccond series of tests measurements were mado
in l it ý))t•'.•n.iti-s rangi n fron 1700 to 3000 1rg/c. /see,

i.e. at Jight i.ntcnsities that exceed compensation.. In these
tests incanrcsccnt larp light was passed through a water
solk-1ion of CuS'O.' and S3SI and DSS glass filters* The

spectral cowposition of the light consequently differed
sot;'.vhi'.t fro~i the lihit coniposition used in the first ex-
p erir;z r Tit z.

1:XPgI-,:-:NTAL RESULTS

The res;ults of the four tests covering a whole

cycle of devclopmcnt are shoi.n in the Figure.

As shown by the Figure, the curves displaying the

relation of £ to tho stage of developmcnthad the folloi:ing

general char-cteri.3tics: 1) a sharp drop in C after 1-3
iour., of illumination in co::parison with the value of E.

for auto~porc.; 2) -n increanse in 7- for subsequcent cell
dove]O e:It; 3) thc occurrence of a number of less sharply
prxonou•' c, r-: n a-.n(I rin.:.wno

The 2o.!0 ii-n3 invmnxu ob:-erved during th'. first hours
of 11..:,.;i tt.,n i.'• most jnterers:ting,. Thx.i. mlninv-ýi was also
j .t5 :tr'< in the short test serjes (manxi;midn i) lu:;.inatio!n

.~'..5 h..*.'.: ). A dIrop ',s s ic:n n 1-1. crecs out o1 13.

5
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Depndnc O te ncý; O
pliotosynto~c'i nC1.CccoT;in ;Lr

in~~,K a Iahooý hlrl, ut
Abscsa-~ altjoL jj~,47xýio ___ o

orcinac c-::4rz cff:(1) '*cI C::

t~i abolDcpradenc of hC, cncr' les than ncry vof sbya
t~~i photosynthich oa cell c aNcvc 1 ov.cntlu rZ.." uo

17C -time, hour

sporcs meansl a 5%yld in the rcl-'.tivo valu.c c.:7 £

It. is poss-ible thlact the ne--ative val.uc:s Of C. that Acr c ob--
servccd arc real. The negative valucs of 1C inean th-.t 4.n the
-elected area of li-ht, intenfiity phot;o-i~nc'iccC. c)xocron:r

~ occu~' wi thl grcatcr inteni.A.t. than A -iuc.
pl-occ*-'ýý-- (or roulzh2y: pho0torcspiratiJon. 13 =orC intensivc
ta I. -Ihotos0Z;ynthesis) r

VarI--oIt's C.x':,c;ir.- ental controls were zset u2 to explain

the occuriecnco of the obscrecdi Crop.

!,xpcr:u;7-ents of t-n..o types i-rcre mýýc.o. InT the firs t
rseries of controls run on th.le sa-:c 2-hour Zc c'u ; C-
terll~irati.on %.:as a of thi cnez cf~ic4.t'"ý of 4,n ,
t-cti-.vc :. id -- J,;i.: zSuf~nc.n.,j2 on o-,- 'Iyc 5OJAACi, tcstr5

actually ch ceie~tepei>Of 'h ocof::t'
rcadin--s t ~cer l eZt.5vc ateC'C~:C

It was zl-oi-n that on the aVCera3 (rnin f
,c~asurces;Cnts per on es.c~icc Ir~ zcro 11y a totll o:
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2-31", zol C0oajil 5.n i? dividual measiirements rather la-rgo
disc1-ero~itc~c e~wcre so:m!ei.mcs obtained and in nine cases out
of tho tocrol 22 t1crts, the "effecct"~l was observed!, i *e.* the
diffoecnco i.n efiluiswar, over 5 In 12 tests this
effeci c:t&ý not occii: and in one cnrc thc oppositc effec, I'a!)
obs crvcC.

Therefore, atthe snize time as in tho algac culti're
tests a 6z'op wvas obferved. in 11/3.3=35c%' of the cases, i~n tests
with the 1ýlu-id it was: obcervael in a total of 9/24~of thri
c.z1-oc More o~ver, thle abrolute amounkt of tile dr-op, i *eo

'C' -C 2 ld 2 (tho ztibscript indicates the nv.-iber of
t!2e tesýt; tic fir-st n'ewasure rof~crs to the akutospores)3 was
noted' to heý higher in c)xporimeztts ifith aJlgac and ordinarily
10--l"", whoear c in the tes-ts, vsin_- inactive liqtid`cs it vas

in the ordci. of 5¼l.

Ve aro consequently inclined to think that the energy
effectiveness oC photosynthesio in the cells of a synchronous
Chiorelln. culture cot nearly conlpensatin_- li-ht intensities,
ob-Atoille as a resýult of' irraciati,13 nuatosPores for 1-3 hours,

~.s arkdlyless cf~fective thaai for autospores or cells at
alateýr stixge -'n3 dovelopvment4,.

The- certainty of a drop in C measured during,- the first
hoiurs of illvuminaýtiing the cellp, does not by any nieano imply
a certaint;,J ill tile drop of initial energy efficiency of photo-
s;Yntelsin. "T.hi. may be c.,:plajined by the fact that, ar seen
fror: fo-.riula 0..), a low: value of C. mizht be brough-t about by

a dereae in~z jJ, i.e.* a slope in the hea tii'g curve at
ligt atuiration intonsit~cs * This might have taken place

when thesupenio fadec7 a I tile giveni light ilitcns.iti.es,
andi t~c zolpc -).ýs lo-,er thec smaller tile absorption coeffiýci ent.
A eccuncl sei-ic_ of controlle~d e:-porinioint were rui'. to cheekC
out- this3 peali allts. 10 spect.-topho ci-, the

~. rnsm t n r o I>a usp : Sionl w'as rinCa tired a fteor thle cell s
were rrrc wi tli vni turatierl intcnxisiti. es foi- the ,Salli time

i~ n theý or ~ (*~*~t Ore over__, the 1:1*0c ticn
of te!2)Cr teee C J.1 ' thle suspens31ion illt'."lins te rN with
Cofl,2 2 1' ty v3as 3tudi.e~d in thQ sawmeý calorjyioter
(the'f tInQCi; bc' rechtICed ill case,; of f ZCi ný:) Pinzallv,

C, s tuy 0; I0 Lo ti ,"O of c1lian 'ec oft iyttav
of thjr :;: au!Je In elaict- yes so! thsi 1. ii C hle s

!iz ); tl's' C. 1 Or t e:tcr ve:ýel ýCa ., in tile ac.e.'
fac ter i:crc jcgdon thr' a< of rcig:Of the bý

f'i~: ph)eecl 32.I1;'in h-Ch of' the vc':r,-C1. lho e'rir
z.wcth,' tlo II u'i Of li.ight 5 lsŽ01i1czit; du:not



produce substanti.al changes in tUe absorption coefficient0

It may bc thought that changes in the absorption co-
efficient, if they ta]e placo, arise practically spontaneous-
ly after variations in light intensity and therefore are not
caught by the methods which wejt utilizeýcd. This possibility
has been disproven by measurements made on a differential
spectrophotometer. (1?) a The rapid roversible changes ob-
served in the absorption coefficient never exceed 1'/. Con-
sequently, variation in C should. not be regarded as the re-
sult of cell fadinm w.hcn i.rradiated in the calorimeter.

As has been said, measurements ofC in the tests under
consideration. were mada at low light intensities (200-1700
erg/crn9/soC), uhich are close to compensatin- intensities
(accordiing to measurements mado in an amperometric device
(13) with a vessel simrilar to the one used in the photocalo-
rimetcr, compensation taking place at 1200 erg/c;i 2 /scc.).
A second series of tests w:as then run using a suspension of
algae at higher light intensities, succeeded compensation
intensities, in the range of frorn 1700-.3000 erg/cli. 2 /scc.
Out of the seven tests using suspensions with an average
value or F 15=j-), only in two did one observe a slight drop
in the order of 5%,andn merely in tw.,o out of 19 control tests
with an inactive liquid was a drop observed. These tests
consequently showed that at the intensities of light measured
wthich o-ccceci the compensation values, the energy efficiency
does not significa.itly depend on the stage of development of
the cell. , and in any case the cells were exposed for the
first six hours. Particularly, a reduction (drop) in C
was not observed an a result of irradiating the autospores.

CONSITDI::ATION OF RESULTS

A reduction in energy efficiency & in young Chlo--
rella ceils in coriparison with C, in autospores was observed
by us only at low light intensities which lie in the sameo
order as tho_.:e of photo:-_ynthetie compensation by respira-
tion.

In thin area of intensities the effect of light on
respirat;.on may be espec-I.Ally not- ceable, which i con-
firinn'd by thn e:Jtcnco of the oIok effect (1ýk, 15) and ex-
pcr) .:icnt.q On o'--cŽi nbso:-pti.on in light (6, 17), It in
thrercfo:-c only nttuira'. to nsu;u:no that the drop in & in the
fice): of 1.o7 lig. ht intcn;.it.ies is also cnused by the chanlge
in re.2 1 Jrat.it.on in li h'.

[! , .6



of particulsr interest in this connecti~on are the
rebuJlts of Soroi-o: vnd Qycrs (18)) from vniich one maoy cn
cluea t':hat the rcpi ration incrcaso in light; r!n-y hej greater
in you:'-L cc..Jin of th~-o~lcChlorella straina than in
the M7eer oiicnn

At r.a~Chr higi Ii~ht intcnsi.Ue3 the dcpendencc of
reair V~:~on light intutnsity rnay possibly beý les3 dratstics

a nd tho. 2jt x ' h indope idonco of & on the stageC
in' this fi&3.( or ligh:jt iŽntcnisity.

in the general ca're it Elould bo expected that the
form of ph!otosy-nthesis, lig-ht curvo may vary v~ith a change
in the csvJ~~ tt si-foe Such a dcform-Ation of the light
curve way bý prodluccd by a rnon-uniforia variati~on in the
effectiveness3 of p~hotochce.i-'ýcnl -.nd onzyt~iatic reactions of

potoytiasio.In particuli~r, ar, opecial ournet
viiich w-e iiiiCe on -n infrared~ gas anc'.2yzcr have shlo'.n, the
choarjpc.ý;t ýn in the xiitensi-ty of? plhotosynthesýij. nt

1'. turt-a intcnsiýticn ver C discovcrccd at v. lato
stagc in dxlo:cnspccificalJly durin~g the period of
autoEsporc formýation. At this stage (al).ron-. 10-1j. hours)
the i2tut -i en Y tyOf COZ aboorp~tion vwau o.t ,, miluimý1.xm., at the

ra.meI tiw-! 'as C wnzs at its 1Iaxinlu::'.

On thec othcr hdit should) be emphasized7 that, the
clatan :;53iich vWO ol Laiiied on the cot..so of encjergy eifi~ci;ency
d~id not, _,ealy er~n, nccosrar-:Jy havo to coincidec
with the co'.-respondi n g data for quctntui.7 yield, as! the degree
of C~l:' (e sbetw'eie the gas eciicuan~ ,iyu ndoene: rieta-
boJ.'mn pro c':ss ws ay also dcepnC, upon thc dcvol~opisolntal

jon~e.The 0,itcta obtaijoie on cyi-rtgy cfficieriey have P. direct
rŽ2nrtfo 4,!(, probJem cetrwtn n the iclizi'i crg;y

Prc' u cti a: oft~hot v eai Thecy slhoN. tivi t at loN. light-
it enss Li en; Aw vnimu~ C mcisured may dependI tt:on the a toge

of' ccl .2.aee3.1ns ane, cone c juoiLlJy , in the c a sc of
1:o.~~x~ 2 lx o-scr'iuecultu're 1-na al.o dep1end 111on1

t I c,( tr C~ti.'jo:i c- ' cc] Ino accordti ii,, to p~nc ("I ) .Accords'I ng-
to ow- Cl, at rntlir Ion: lighlt ithenciaties, thtire re
vu) uc vr wos larger -in notospores than in cell!- duritiog the

M'Wc S'cOf deVelopMent , i * * those thitt1 vWeI' ilue i
atc 1 iot~~.It jis 1 oi~Jotiat this may partinlly

cc he e12->noun:!:oLhoc. of p~rjepAri. ugplat for t ho
r1!V1('cf-'L of cun:.yelCby h'~igthci:: ill the dar'::

for o .am"oae. PCried bufore etig A cisdr~~
;r'l Ca J act -tI c oC"1.f of 2'jC Prei'~a ed inl thsi ! 1'lC

.c'~~~2:'( VL h17,( LiC . I1 e je of. the cell'.;



may bc in tho au "ospore phaso. If the measureoient of C
i~ovlcl be t,-!zcn rtso~at t igihcr jig,.,t intensitie-s ,such a
preparation vray be ,sVt crflitovus, bccvuf-e. C. under thcse cir-.
cu-mstances does not Ccý,,end upon the s-,ý of development
according to the re'..ult.- v hich v-c obtaincd.

We note in conclusion th;xt the regularities which we
observed in the chai)(e: o-f- - C at varyi*ýng Coll deve)lormentVal
plhascs can hirdly bc rcýLardcek as univocrscil A variation
in the encrgy cxcli,ýie; of the cell!s at di -fferent develop-
rmcutal stages rmay bo 0-etorm~ined by pecul-iarities, of the
plant spc. des, the condi~ti-onsr in which they are cultivzatcd,
i .c. their prch:Lz-tory anid possibly even by the hardl-'-ing or
the plants wh-ile preparing- themi for measurement (11, 19).

CONCLUS IONS

1. The energy efficiency of photosynthesis (C.) vras
LicasurcC. in a photocaloxriiuetczr as a function of Co.ll
dcvelop~r.ienta:L phase in a synchronous- Chlorella culture.

2. A nuriber of injnax ma and mirim-a of F_ were clisrcovercd
at light intonfzitics belolw the coinpexisating point., Ihli

L'nrium of tz% --as espccinlly clcarly pronoUILced in 1-3 hour
old , clln. At ilighý inten.sities somev.~ia', higher thanl the
cowpcnsating poilntl,thiS.ý drop was rnot ob~served.

3- It is assunýiet by comparing the datLa obtained vwith
the litcratixre that the drop in ':. observed in young cells
at ubopnatLginten-sitie-s is caused by influenco of
li-gh~t on, energy degradation procces:,e! (photo-induced c:'ýo-
therrnic react:;ionrs).

':. The relatively hligh value of C in aiito-spore-s
as comp-ired, . 'i J the vtl~ue of C in cells illuminated Cor
1-3 ho~urs ray emxplain the, vide'-pren~d process of preparinS

alg~for qmnnturi yield1 r~icasurcmcint!-i
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